ABSTRACT The aim of this trial was to study the influence of loose-mix feeding on behavior, feed intake, and BW of growing geese. In total, 252 one-day-old geese (Anser anser) were divided into 2 groups differing in the form of diet they received between 42 and 98 d of age (AME n 11.55 MJ/kg, CP 16%): a complete pelleted diet containing 500 g of sorghum/kg (control group) or a mixture containing 500 g of protein-rich pellets and 500 g of sorghum whole seeds/kg (mixed group). Feed intake was measured daily from 42 to 48 d and every 3 d from 49 to 98 d. Individual BW was measured weekly from 42 to 98 d. Goose behavior was monitored by the scan sampling method throughout the experiment, which was divided into 5 periods according to the timing of access to feed: period 1 from 42 to 55 d (ad libitum feeding access), period 2 from 56 to 62 d (2 + 2 h feeding access), period 3 from 63 to 70 d
INTRODUCTION
In commercial poultry production, birds are generally fed complete pelleted diets, formulated to meet their nutrient requirements throughout their life. The feed represents the majority of the economic and environmental costs of poultry rearing (Boggia et al., 2010) , so feeding the birds with local raw material in a simplified form, such as whole grains, can reduce transport and processing costs (Henuk and Dingle, 2002; Dozier et al., 2006) . The value of whole seed has previously been demonstrated in poultry production (Noirot et al., 1998) . Generally, whole seeds slightly increase feed intake while maintaining performance (Yo et al., 1997 (Yo et al., , 1998 Umar Faruk et al., 2010) . Data on geese fed whole seeds lead to similar results (Lu et al., 2011; Arroyo et al., 2012a,b) .
In France, geese are mainly reared for foie gras (fatty liver) production and the feeding program of birds is intended to prepare them for overfeeding (Guéméné and Guy, 2004;  i.e., intake of a large amount of food in a short time). To do this, several changes in the timing of access to the feeder are made during the rearing period. This food schedule alters the feed intake of geese (Arroyo et al., 2012c) .
The present experiment was therefore designed to test on flocks of geese whether loose-mixture feeding with sorghum whole seeds influences behavior, feed intake, and BW during the growing period. Geese are gregarious birds (Hughes, 1971; Keeling and Hurnik, 1996) and are reared in large groups (here, 21 birds per (2 h feeding access), period 4 from 71 to 94 d (1 h feeding access), and period 5 from 95 to 97 d (3 h feeding access). Over the whole period, the feed intake (13,968 and 14,480 g ) and the feed conversion ratio (8.53 and 8.15) were similar in both groups (P = 0.112 and P = 0.168; respectively). Body weight was similar in both groups from 42 to 91 d of age, but at 98 d of age, BW was 3.7% lower in the control than in the mixed group (P = 0.006). Goose behavior was influenced by period, because the percentage of birds feeding increased when the daily access time to the feed decreased (P < 0.001), but not by group (P > 0.05). The results suggest that a loose-mix feeding could be recommended in feeding of growing geese because it weakly influences their feed behavior but slightly increases their weight at the end of the growing period. pen). Therefore, individual recording is quite difficult, so scan sampling method (Altmann, 1974; Petrie and Petrie, 1998) was used for studying the bird behavior.
MATERIALS AND METHODS

Birds and Experimental Groups
This trial was carried out at the Goose Breeding Station (Coulaures, Dordogne, France). Two hundred fifty-two 1-d-old male geese (Anser anser) were divided into 2 groups (6 pens of 21 birds per group). All birds were fed ad libitum with a complete pelleted diet (AME n 11.70 MJ/kg, CP 18% manufactured by Sanders Centre Auvergne, Aigueperse, France) from 1 to 41 d. The groups differed in the form of diet presentation offered to birds between 42 and 98 d of age: a complete pelleted diet containing 500 g of sorghum/kg [control (C) group; AME n 11.55 MJ/kg, CP 16%], or a mixed diet (M group) containing 500 g of protein-rich pellets (AME n 9.49 MJ/kg, CP 23%) and 500 g of sorghum whole seeds/kg (AME n 13.61, MJ/kg, CP 9%). The feeding program was intended to prepare the birds for force-feeding (Guéméné and Guy, 2004) . For this purpose, birds had a restricted access to the diet from 56 to 98 d of age according to the method of Arroyo et al. (2012c) : 4 h/d (2 h in the morning and 2 h in the afternoon) from 56 to 62 d, 2 h/d from 63 to 70 d, 1 h/d from 71 to 94 d, and 3 h/d from 95 to 98 d of age. The diets used during the rearing period met NRC requirements (NRC, 1994) . Sorghum used for this experiment was tannin-free.
Housing and Management Conditions
The birds were housed in pens of 19 m 2 containing 21 males. The pens were equipped with 1 drinker, 2 feeders, and outdoor access (91.5 m 2 /pen). Geese had outdoor access between 0700 and 1800 h from 42 to 98 d of age. However, from 56 to 98 d, outdoor access was denied during the time when birds received experimental diets, and consequently the time of outdoor access was reduced.
The room temperature was maintained at 28°C from the first week after hatching and was subsequently gradually reduced to 22°C at 40 d of age, after which no heat was provided.
Measurements and Analytical Methods
The chemical composition of the complete pelleted diets, sorghum whole seeds, and protein-rich pellets were analyzed by INZO (Château-Thierry, France). The complete pelleted and loose-mixture diets had not the same form but the same composition, which is shown in the Table 1. The physical characteristics of the experimental diets are shown in Table 2 . Particle size was measured using successive sieves of decreasing mesh on dry material for sorghum whole seeds or wet material for the complete pelleted diet and protein-rich pellets (Lebas and Lamboley, 1999) .
Birds were individually weighed weekly from 42 to 98 d at 0700 h after 18 h of fasting minimum (withdrawal of the feeder at 1300 h). Mortality was recorded daily. Feed intake per pen was measured daily from 42 to 48 d, and every 3 d from 49 d to the end of the growing period (98 d).
Behavior was monitored inside the poultry building from 42 to 98 d using the scan sampling method adapted from Jordan et al. (2010) . The observer, stood in front of the pen at a distance of approximately 2 m, behind a tarpaulin sheet installed at the beginning of the experiment. The observer entered the building about 10 min before the beginning of behavior recording to avoid disturbing the geese during measurement.
Scan sampling was conducted by the same observer all along the trial, every day from 42 to 55 (ad libitum access to the diet) and every 2 d from 56 to 98 (controlled access to food). Behavior was recorded at 3 h intervals during the outdoor access and every hour during the period of controlled access to food. The scans from all pens were done successively. Both groups were assigned in the pens alternatively into the building. The scan of all the pens lasted less than an hour. Pens were scanned successively, so that the observer came back to scan the first pen after finishing the last pen scan. For each measurement, the number of geese lying, feeding, drinking, and standing still was recorded. The number of geese outside the building (from 42 to 55 d only) was calculated by the difference. 
Statistical Analysis
All data were analyzed using PASW Statistics 18 (version 18.0.2, SPSS Inc., Chicago, IL). Data for bird performance [BW, feed conversion ratio (FCR), and feed intake] and physical characteristics of the diets (length and diameter) were analyzed using the GLM procedure including the effect of group in the model (2 levels: C or M). Mortality and data from scan sampling were analyzed using the chi-squared test. The numbers of geese lying or standing inside or outside the building were pooled together, so that only 3 behavior patterns were analyzed: feeding, drinking, and other (lying inside + standing inside + outside the building). Values of different observations per day were pooled within each of periods: period 1 from 42 to 55 d (ad libitum feeding access), period 2 from 56 to 62 d (2 + 2 h feeding access), period 3 from 63 to 70 d (2 h feeding access), period 4 from 71 to 94 d (1 h feeding access), and period 5 from 95 to 97 d (3 h feeding access). Variation in behavior was calculated, pooling the different observations within periods (SEM, Table 6 ). The effect of group on geese behavior was tested within each of the 5 periods and also for all the 4 periods during which access to food was restricted. The data for feed intake were also pooled by period and analyzed including the effects of period (5 levels: period 1, 2, 3, 4, and 5), group (2 levels: C or M), and their interaction in the model. In this latter analysis, there was no effect of group nor interaction between periods and groups, thus these results were not reported here. Differences were treated as significant when P ≤ 0.05.
RESULTS
Physical Characteristics of the Experimental Diets
The length and the diameter of the pellets offered to the birds (complete pellets or protein-rich pellets) were similar in the 2 groups (8 ± 0.2 mm and 3.2 ± 0.1 mm; P = 0.211 and P = 0.235, respectively; Table 2 ). The proportion of large particles (>1.0 mm) was higher in the M diet (72%) than in the C diet (33%; Table 2), mainly due to the whole sorghum seeds (3.1 ± 0.6 mm) in the M diet. Consequently, the proportion of small particles (<0.5 mm) was less in the M diet (23%) than in the C diet (51%; Table 2 ).
Feed Intake
From 42 to 55 d of age, when birds had ad libitum access to feed, intake was similar in both groups (387 and 392 g/d, respectively, for the M and C group, P = 0.532; Table 3 ). However, during the day following a change in the duration of access to the feeder, except from 71 to 73 d (P = 0.100), intake was always higher in the M than in the C group (+12% from 56 to 57 d, P = 0.025; +13% from 63 to 66 d, P = 0.031; and +23% from 95 to 97 d, P = 0.002). This was also observed from 77 to 80 d (+12%; P = 0.045). Over the whole period, the feed intake was similar in both groups (P = 0.112). Feed intake was greatly influenced by the access time to the feed: 390 g/d (387 and 392 g/d, respectively, for M and C group, P = 0.530; Table  3 ) between 42 and 55 d of age, when the birds had ad libitum access to the diet, against only 223 g/d (225 and 221 g/d, respectively, for the M and C group, P = 0.280; Table 3 ) between 71 and 94 d of age when the birds had 1 h/d access to the diet (P < 0.001; data not shown). During the last 3 d of the rearing period, the feed intake increased (288 and 235 g/d, respectively, for the M and C group; Table 3), with the increased access time to the feed from 1 to 3 h/d.
Bird Growth and Mortality
Mortality rate was similar in the 2 groups throughout the trial (1.60%, P = 0.25). Body weight was similar in the 2 groups from 42 d to 91 d of age (Table 4) , but by 98 d it was 3.7% lower in the C than in the M group (P = 0.006). 1 C: control diet (complete pelleted diet); M: mixture diet containing 500 g/kg of sorghum whole seeds (SWS) and 500 g/kg of protein-rich pellets (PRP).
Between 42 and 48 d of age, ADG was 7% higher in the C than in the M group (P = 0.006). Conversely, between 63 to 69, 77 to 83 and 91 to 98 d of age, ADG was higher in the M than in the C group (+233%; +25 and +62.5% respectively; P = 0.001, P = 0.003, and P = 0.013). Averaged over the whole experimental period, ADG was 9% higher in the M than in the C group (P = 0.017; Table 4 ).
Between 42 to 49 and 42 to 56 d of age, the FCR was higher in the M than in the C group (+5 and +6% respectively, P = 0.034 and P = 0.031). However, after 56 d, the group did not influence the FCR. Averaged over the experimental period, there was no difference in the FCR between groups (8.34; P = 0.168, Table 5 ).
Goose Behavior
The form of diet presentation had no effect on the geese's feeding behavior, regardless of the period (P > 0.05; Table 6 ). On average, during the ad libitum feeding access, only 1 and 3% of the birds were feeding and drinking, respectively, during the observation, whereas 96% behaved in other ways (lying or standing inside or outside the building). During the controlled access to food, 24% of the birds were feeding during the observations, whereas 17% were drinking and 59% behaved otherwise (lying or standing inside the building). However, the frequency of different forms of behavior widely differed between periods in both groups (P < 0.001). Indeed, the percentage of birds feeding increased when the daily access time to the feed decreased: from 14% when birds had 2 + 2 h access to the feed (period 2) to 40% when the birds had only 1 h of daily access to the feed (period 4).
DISCUSSION
In this work, sorghum was used to study the influence of form of diet presentation on food behavior and performance of growing geese. The results showed that i) the form of diet presentation influences BW at the end of the rearing period; and ii) feeding behavior changes throughout the rearing period, mainly due to changes in access time to the feeder, but is not influenced by the form of diet presentation.
In this trial, the geese switched from a starter diet to the experimental diet, in the form of pellets or a loose mixture, at 42 d of age. We observed no effect of the form of diet presentation on feed intake at the beginning of the experiment. This result agrees with those of Arroyo et al. (2012a) . On the other hand, Arroyo et al. (2012b) previously observed a lower feed intake in geese switched from a pelleted feed to a loose-mixture diet. This difference could be explained by the maturity of the birds at the moment of the dietary change. Indeed, heavy birds, as in the present study and that of Arroyo et al. (2012a; 3,950 and 4,550 g, respectively) , may be less sensitive than light ones (3,180 g; Arroyo et al., 2012b) to a change in the dietary presentation. Geese are gregarious birds (Hughes, 1971; Keeling and Hurnik, 1996) and an effect of group constitution could also be implicated in this feed pattern. Age of animals at the time of the diet switch seems less implicated because different effects were observed for the same age (42 d, present results and Arroyo et al., 2012b) . Present results showed that the feeding program, mainly the access time to the feed, affected the behavior of the geese. Indeed, the rearing of geese for fatty liver production should prepare the birds for a high feed intake over a short period during the overfeeding period. A restricted access time to the feed aims to enlarge the volume of the birds' crops (Guéméné and Guy, 2004) . Our results show that the feeding program modified behavior during each stage of the rearing period. A restricted access to the diet greatly decreased feed intake and stabilized weight gain, but as expected, it enables geese to eat 220 g of feed in 1 h. As a consequence, scan-sampling showed a big increase in the feeding pattern frequency when the access time to the feeder decreased. The goose is a gregarious bird whose food intake is influenced by group behavior. Thus, social facilitation (Clayton, 1978) and allelomimetic feeding behavior (Hughes, 1971; Keeling and Hurnik, 1996;  i.e., increasing the frequency or intensity of response or initiation of specific responses due to the presence of other animals engaged in a behavior), may lead to ingestion or conversely to group neophobia toward food (Nielsen, 2004) . Feeding behavior depends on the different interacting perceptions and also on the experience of the bird.
The form of diet presentation influenced the feed intake when access time to the feed changed. Intake of feed was higher when presented as a loose mixture compared with the complete pelleted diet each time the access time to the feed was reduced. Arroyo et al. (2012a) found similar results and suggested a higher palatability of loose mixture compared with complete pellets, mainly to due to a preference of geese for sorghum whole grains compared with protein-rich pellets at the end of the growing period. Arroyo et al. (2012c) reviewed the various sensory and physico-chemical characteristics of food, such as color, texture, particle size, water retention, nutrient composition, and nature of the starch (amylopectin/amylose) that influence feed intake of geese. Evolution of bird nutrients needs with age could also explain difference in feed intake between groups. Indeed, the protein needs decreased with age in birds, and it has been shown that birds can naturally equilibrate their diet (Emmans, 1991; Forbes and Shariatmadari, 1994) . It was found that in a choicefeeding trial offering protein-rich pellets and whole cereals, broilers progressively increase their intake of whole grains with increasing age to meet their decreasing protein needs (Leeson and Caston, 1993) . The determination of food intake is not well known in geese (Marcilloux and Auffray, 1981) . However, Bouvarel et al. (2010) reported 2 types of food intake regulation in poultry: long-term, intake is centrally controlled by feedback loops with peripheral tissues to ensure energy balance, protein homeostasis, and homeothermy; short-term, it is regulated by the need to limit the size of the food ingested and to ensure regular energy and nutrient intake. Therefore, ingestion involves short-term sensory signals (between 0 and 60 s) from the gastrointestinal tract; of these, visual and tactile abilities are particularly used by the birds to choose their food. These results suggest that in the short-term, when access time to the feed is reduced, geese preferred the loose-mixture feed as indicated by their higher feed intake.
In conclusion, this study showed an influence of the form of diet presentation on goose feed intake, especially during the changes of timing of access to the feed, which led to higher BW at the end of the rearing period. Therefore, a loose-mix feeding system, such as a mixture of sorghum whole seeds and protein-rich pellets, offers interesting prospects for a more sustainable rearing method. Indeed, it could reduce the economic and environmental costs of goose feeding associated with grinding and transporting the cereal. a,b;A,B Within a column, the frequency of different forms of behavior differed between periods 2 to 5 at P < 0.05. 2 C: control (complete pelleted diet); M: mixed diet (in this group, the diet offered contained 500 g/kg of proteinrich pellets and 500 g/kg of sorghum whole seeds).
3 SEM for all scan sampling measurements pooled within a period. 4 Percentage of geese lying and standing inside the building or being outside the building. 5 Percentage of geese lying and standing inside the building.
